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I. ABSTRACT 

A scale model (.484 scale factor) of a single stage fan designed for a 1.5 
pressure ratio and ll 60 ft/sec (353*6 m/sec) tip speed was tested to determine 
its noise characteristics. The fan had 26 blades and 60 outlet guide vanes, 
with vanes spaced two rotor blade aerodynamic chords from the blades. The 
effects of speed, exhaust nozzle area and fan frame acoustic treatment on 
the scale model's noise characteristics were investigated. 

Level flyover projections to a full scale engine of 22,000 pounds (97,900 
newtons) static thrust indicates single fan noise levels of 98.6 PNdB at 
approach [370 ft (112.8 m) altitude, flight Mach number 0.25, 4900 pounds 
( 21,805 newtons) net thrus'fl and 98.4 PNdB at takeoff [1000 ft (304.8 m) 
altitude, flight Mach number 0.25, 16,000 pounds (71)200 newtons) net thrust] 
for the untreated fan with nominal nozzle. The corresponding configuration 
with acoustic treatment in the fan frame resulted in 94.3 PNdB at approach and 
94.6 PNdB at takeoff. The noise reductions occurred at the blade passing 
frequency and harmonic tones as well as in the broadband noise. 

Runs with exhaust nozzles l6% oversized and 6 % undersized showed similar 
results . 
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II. SUMMARY 


A scale model fan, designated "Fan B," was utilized to determine the 
acoustic characteristics of a single stage fan designed for a corrected tip 
speed of ll6o f t/sec (353*6 m/sec) at a bypass pressure ratio of 1.5* The 
fan had 26 rotor blades and 60 vanes with 2 rotor aerodynamic chord spacing 
between the rotor and the OGV's. The scale model fan which represented a 
.484 linear scale model version of the full scale Fan B, simulated the bypass 
flow region through the fan. 

The scale model was tested to determine the effects of speed, exhaust 
nozzle area and fan frame acoustic treatment on the fan's noise characteristics. 
Acoustic data was recorded at ten speed points covering a range from 30% 
to 100% sea level static thrust. The fan was tested with three different 
nozzles - nominal, l6% oversize and 6% undersize - for this sequence of speed 
points in order to identify operating points which would produce lower noise 
at a given thrust level. Each set of tests was run with and without acoustic 
treatment in the fan frame. This frame treatment consisted of 14 inch (1.25 cm) 
thick Scottfelt covered with a 22)(% porosity plate. 

The data obtained at each of these test points was scaled up to full scale 
to evaluate the projected effectiveness of the design in reducing the noise of 
the fan system. Projections of a full scale, uninstalled, 22,000 pounds 
( 97,900 newton) static thrust engine with nominal nozzle indicate the following 
single fan, maximum Perceived Noise Levels (PNL) for a level flyover: 



FAN B LEVEL FLYOVER PROJECTIONS 
MAXIMUM PERCEIVED NOISE LEVELS 
SINGLE FAN 

Untreated 

Takeoff 98.4 PNdB 

1000 ft ( 304.8 m) altitude 

M =.25 
o 

Approach 98.6 PNdB 94.3 PNdB 

370 ft ( 112.8 tn) altitude 

M =.25 

o 

The 200 foot (6I.O m) sideline, maximum PNL's for all three fan exhaust 
nozzles, treated and untreated, at approach and takeoff thrust are summarized 
below for a single full scale Fan B. 

Full Scale Fan B 

200 Foot (61.0 M) Sideline, Maximum PNL 




Approach* 

Takeoff** 

Nominal nozzle 

, untreated 

104.4 

PNdB 

116.6 PNdB 

Nominal nozzle 

, treated 

100.2 

PNdB 

112.4 PNdB 

Large nozzle. 

untreated 

106.0 

PNdB 

117.2 PNdB 

Large nozzle. 

treated 

100.8 

PNdB 

113.6 PNdB 

Small nozzle. 

untreated 

106.8 

PNdB 

117.5 PNdB 

Small nozzle. 

treated 

101.6 

PNdB 

113.6 PNdB 


* 6,684 pounds (29,744 newtons) static fan thrust 
** 17 , 14 o pounds ( 76,277 newtons) static fan thrust 

The nozzle size variations did not produce any appreciable new low 
noise operating points for approach or takeoff rated fan thrust. However, 
thru the mid-thrust region, the large nozzle resulted in the lowest sideline 
PNL in both the treated and untreated configurations. 


Treated 
94.6 PNdB 
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III. INTRODUCTION 


This report describes work performed by the General Electric Company 
for the NASA-Lewis Research Center on the Experimental Quiet Engine Program. 

The major objectives of this program were; 

(1) To determine the noise levels produced by turbofan bypass engines designed 
for low noise output and to confirm that predicted noise reductions can be 
achieved; 

( 2 ) To demonstrate the technology and innovations which will reduce the production 
and radiation of noise in turbofan engines; 

( 3 ) To acquire experimental acoustic and aerodynamic data for high bypass turbofan 
engines from which acoustic theory and experience can be correlated to provide 
a better understanding of the noise production mechanisms. 

A scale model fan program was utilized to provide information pertinent 
to achieving these objectives. The results of the scale model testing provided 
directly applicable experimental data on noise reduction features that might be 
applied to full size fan systems. Experience indicates that such scale model 
acoustic tests provide accurate and effective means to readily evaluate such low 
noise design configurations. 

Fan B was incorporated into the NASA/GE Quiet Engine Program to investigate 
the noise generating and radiating characteristics of a low speed, moderately loaded, 
single stage fan. The Fan B scale model, the first scaled fan tested, was 
approximately a half scale version (48.4%) of the full size fan and it essentially 
reproduced the bypass flow region through Fan B. 
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The effects on the scale model's noise characteristics of speed, 


exhaust nozzle area and fan frame acoustic treatment were examined during the 
first phase of testing. Acoustic data was recorded at speed points corresponding 
to a range from 30% to 100% sea level static thrust. The fan was tested with 
three different nozzles for this sequence of speed points in order to identify 
operating points which would produce lower noise at a given thrust level. Further, 
each set of tests was run for two configurations, designated untreated and treated, 
to determine the effectiveness of the fan frame acoustic treatment. The data 
obtained at each test point was scaled up to full scale to evaluate the projected 
effectiveness of each design in reducing the noise of the fan system. 
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IV. Test Vehicle Description 


Full scale Fan B is a low speed, moderately loaded, single stage fan. It 
has been designed at the altitude cruise condition for a corrected tip speed 
of 1160 ft/sec (353»6 m/sec), at a bypass pressure ratio of lo5 and with 
a corrected fan flow of 950 Ib/sec ( 430 o 9 kg/sec). This fan incorporates 
26 shroudless rotor blades and 60 outlet guide vane (OGV's) with a rotor - 
OGV spacing of two aerodynamic rotor chords to minimize noise generation. 

The scale model used to determine the acoustic characteristics 
of different low noise designs, essentially simulated the bypass 
portion (outer 84 . 5 % of flow) of the full size Fan B, as shown 
schematically in Figure 1 . The design basis was to provide the same 
corrected tip speed, pressure ratio and weight flow per unit area as the 
bypass portion of the full scale Fan B. To maintain the bypass pressure 
ratio on the scale model, it was necessary to increase the loading at the 
hub to account for the end-wall -blade boundary layer interaction. Figures 
2 and 3 show the scale model Fan B aerodynamic characteristics - pressure 
ratio vs corrected weight flow and corrected weight flow vs percent corrected 
fan speed, respectively - for three nozzle sizes. Some other pertinent 
scale model and full scale characteristics are shown in Table II, 

The effects of varying the fan operating line were investigated with the scale 

2 

model by running three nozzle sizes, consisting of 372 sq. in. (.24 m ), 396 sq. in. 
2 2 

(.26 m ), and 460 sq. in. (.30 m ) , or about 6% less than nominal, nominal 

and 16% greater than nominal, with the nominal nozzle being equivalent to a 
2 2 

1700 in (1,10 m ) nozzle on the full scale fan. The nozzle variations were 
run on both treated and untreated configurations. 
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QUIET ENGINE PERFORMANCE 
SCALE MODEL FAN B 
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QUIET ENGINE PERFORMANCE 
SCALE MODEL FAN B 






TABLE I 


QEP FAN B 

FULL SCALE AND SCALE MODEL CHARACTERISTICS 
SEA LEVEL STATIC, STD. DAY 
TAKEOFF POWER - 91% FAN SPEED 


100% Speed, RPM 

Tip Speed, Ft/Sec (^V'Sec) 

Bypass Total Pressure Ratio 
Bypass Flow, Lb/Sec (Kg/Sec) 

Fan Duct Thrust, Lbs (Newtons) 

Rotor Inlet Tip Diameter, Inches (M) 
Inlet Hub/Tip Ratio 
Number of Rotor Blades 
Number of OGV's 


Full Scale 

3625 

1055 (322) 

1.415 

692 (313.9) 
17,140 (76,277) 
73.35 (lo9) 

.465 

26 

60 


Scale Model 
7488 

1055 (322) 

1.415 
162 (73.5) 
4010 (17,844) 
35o5 (.9) 

.579 

26 

60 
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Tho acoustic treatment of the fan frame area was scaled from the full 


scale fan and incorporated in the scale model. Figure 4 shows a cross 
section of the fan indicating the location of the acoustic treatment. 

The amount of acoustic treatment at each location is listed in Table III. 
The areas shown are effective areas, allowing for fasteners, assembly 
methods, rake pads, support ribs, etc. The treatment material used on the 
scaled fan was Scottfelt 3 - 900 , 36" . (1.3 cm) an open-celled poylurethane 
foam material, having suppression characteristics similar to the Multiple- 
Degree-of -Freedom resonator suppression material used on the full scale 
vehiclco The scale model treatment was held in position by means of a 
perforated face plate with l/l6 inch diameter holes and a porosity of 22)69^o 

For the untreated configurations, the treatment was neutralized by 
covering with an adhesive backed foil tape. 
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TABLE II 


QEP SCALE MODEL FAN B 
ACOUSTIC TREATMENT AREAS 


LOCATION 


AREA 


Inlet 


812 in^ 


5240 


2 

cm 


Rotor - OGV's 

Inner Wall 
Outer Wall 


315 in^ 
1007 in^ 


2 

2030 cm 
6500 cm^ 


Aft of OGV's 

Inner Wall 
Outer Wall 


417 in^ 2690 cm^ 

668 in^ 4310 cm^ 


Total 


3219 in^ 20,770 cm^ 

22.4 ft^ 2o08 m^ 
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V. Test Program 


Testing of the scale model vehicle was performed at the Peebles 
Test Operation, General Electric's out-door test facility shown in Figures 
5 and 6 . Testing was performed on Site 4B, using a G.E. LMI 5 OO stationary 
gas turbine as the drive system. Figure 7 shows a typical scale model 
vehicle installation. As can be seen, the scale model fans were driven from 
the front to eliminate noise generation by discharge flow over the drive 
structures. 

A. Farfield Data Acquisition 

The acoustic data was taken with microphones located on a 100 foot 
(30.5 m) arc, positioned at 10 degree increments from 20° to 160° as measured 
from the fan inlet centerline at the rotor leading edge. The microphones 
were set at the height of the fan centerline, 12 feet (3.7 m) above the sound 
field surface. This sound field surface consisted of a level, 250 ft. (76.2 m) 
arc of crushed stone. 

Data was recorded on FM with a Sangamo 28 channel recorder. Model 
4700 . A tape speed of 60 ips (1.5 m/sec) was used to provide a flat frequency 
response through the 20 KHz l/3 octave band. Data was recorded for a minimum 
of 60 seconds, with all angles being recorded simultaneously. 

Each microphone system consisted of the following equipment: 


Component 

Manufacturer 

Model 

Mi crophone 

B & K 

4133 % inch ( 1.3 cm) 

Cathode Follower 

B & K 

2615 

Power supply 

B & K 

2801 
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FULL-SCALE ENGINE! 
TEST STAND 


* a«v 








SCALE-MODEL FAN^ 


TEST STAND 




CROSSWIND FACILITY 






it 


AERIAL VIEW OF PEEBLES 
TEST FACILITY SITE 4 


FIGURE 5 
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CROSSWIND FACILITY 
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RIVE SYSTEM 
OUSING 
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SCALE MODEL INSTALLATION 



Prior to testing > the frequency response of the system was determined 
by removing the microphone head and inputting a constant voltage at various 
frequencies throughtout the range of interest. For a range of 50 Hz to 
25 KHz, this was performed at frequencies of 50, 250, 1000, 5K, 8K, lOK, 

12, 5K, 16K, 20K and 25KHz. The voltage input was chosen at 10 millivolts, 
approximately the equivalent to 9^ dB for a % inch (I .3 cm) microphone 
and an approximation of the levels encountered during an actual test. 


The loss through each system was measured by removing the microphone 
head and inputting one volt RMS at the microphone preamplifier at a 
frequency of 250 Hz, to correspond with the pistonphone frequency. If the 
system loss was not within a specified limit, based on the specifications 
of the components, then the system was checked and/or changed before 
continuing. 

With the 124 dB pistonphone on the microphone, the voltage output was 
compared with the calculated output based on the system losses and the 
microphone sensitivity. If the actual voltage output agreed within dB 
(approximately 5%) of the calculated output, the microphone was functioning 
properly. Microphone cartridges falling outside this limit were set aside 
for repair and/or recalibration prior to reuse. 

The amplifiers, tape recorder, and data reduction facilities were 
checked by recording a broadband electrical signal of known amplitude, 
known as "pink noise," Reduction of this signal provided a measure of the 
frequency response of these components. 

In addition to these system checks, a pre and post test calibration 
was recorded on each channel using the 124 dB pistonphone (B&K model 4220) . 
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B . Testing Schedule 


Acoustic tests were conducted at ten speed points, with three nozzle 
sizes, for both the untreated and treated configurations. Table IV summarizes 
the configurations for which data was obtained. 

The speeds selected correspond to the net engine thrusts shown below: 


RPM 

% SPEED 

* 

% F 

n SLS 

* * 

* "n alt=, 
M = 

4040 

54.0 

29.5 

22.3 

4474 

59.8 

36.8 

30.6 

4700 

62.8 

40.9 

35 

4907 

65.5 

45.2 

40 

5505 

73.5 

58.6 

55 

5990 

80 

71.1 

70 

6354 

84.9 

81.9 

82.5 

6526 

87.1 

88.4 

90 

6649 

88.8 

92.9 

95 

6845 

91.4 

100 

102.5 

* 100% = 

22,000 lbs 

( 97 i 900 newtons) 

full scale 

** 100% = 

16,000 lbs 

(71 1 200 newtons) 

full scale 


These physical speeds were set in order to avoid shifting the 
frequency of the tones between I/3 octave bands due to day to day ambient 
temperature variations. 


Moreover, the following restrictions were imposed on acoustic testing; 

1 . Acoustic data were not taken with steady winds greater than 

5 mph. (8.05 km/sec) or gusts greater than 3 mph. ( 4.83 km/sec) j 

2 . Water or snow accumulation on the sound field prohibited 
testing; 

3 - Rain, snow or fog at the test site prohibited testing; 

4 . Testing was restricted to conditions where the relative humidity 
was greater than 30 % and lower than 90%; 

5 » No absolute level acoustic data was tgiken while aerodynamic 
instrumentation was installed. 
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VI . Acoustic Data Reduction & Acoustic Scaling Procedure 


A. One Third Octave Data 

The acoustic data reduction system, schematically illustrated in 
Figure 8 i was designed specifically to perform time-averaged spectral 
analysis using a 30 second averaging time with a 1/3 octave bandwidth parallel 
filter system. Data was recorded on FM analog magnetic tape. This tape was 
played back through an amplifier/attenuator to provide the optimum signal input 
level to utilize the 50 dB dynamic range of the l/3 octave filter system. The 
output of each filter was directly connected to a detector/integrator circuit 
which had built-in "hold" capabilities. The "hold" capability enabled the 
system to accumulate average signal amplitudes for each of the 1/3 octave 
bands and to hold them until they were processed through the analog-to-digital 
converter. The digital signal was then input to the DDP-II 6 Computer which 
provided a digital magnetic tape used for further computations and an on-line 
"quick-look" printout of sound pressure level spectra (temperature and humidity 
corrected to Standard Day). The "quick-look" information was used as a 
quality check prior to addition data reduction. 

Additional data reduction included "Standard Data Reduction" and 
"Scaled Data." The former consisted of PNL, OASPL, PWL, OAPWL and D.I., as 
well as extrapolations to various sideline distances via the DDP-II 6 Computer. 
The latter, used for scale model data, provided the same type of data for 
both scale model and scale model projected to full size by methods described 
in the following section. 

The 1/3 octave scale model data used to prepare this report are 
presented in the Appendix, Section IX. 
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Figure 8 
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B. Scaling Procedure 

In addition to providing comparative data on noise reduction 
features, the scale model results were used to predict the full scale fan 
noise levels. In order to scale up the results, the frequency dependent 
atmospheric absorption corrections were removed from the scale model spectra 
to form an ideal spectra. This ideal spectra was then shifted as follows: the 

jet noise below the 1/3 octave band preceding the fundamental was shifted by the 
square root of the airflow ratio; the fan spectra were shifted by the ratio of 
the fan fundamental frequencies; and, a size adjustment of 10 'the 

airflow ratio was added to all frequencies. The resulting spectra were then 
extrapolated, using the attenuations of the shifted frequencies, to various 
arc and sideline distances. 

For example: 

1 . Adjustment for Fan Frequency Shift 

Fundamental Frequency = Number of blades x RPM/60 

f^ scale model = 26 x 6845/60 = 2970 Hz 

f^ full scale = 26 X 3320/6o = l440 Hz 

The scale model fundamental appeared in the 3150 Hz l/3 O.B. The 
full scale fundamental appeared in the l600 Hz 1/3 O.B. Hence, the fan 
spectra was shifted three 1/3 octave bands. 

2. Adjustment for Jet Noise Frequency Shift 

Shift factor = airflow ratio = / flow, full scale 

V flow, scale model 

= /I. 26 

= 2.07 


22 



Therefore, levels at 200 Hz were shifted by 200/2.07 to 97 Hz 
or to the 100 Hz 1/3 octave band. Thus, the jet noise was shifted three 
1/3 octave bands. 

3 . Adjustment for Size 

To account for the size difference, a general adder of 10 
airflow ratio or 10 ^*26 = 6.3 dB, was added at all frequencies. 

4. Adjustment for Atmospheric Absorption 

The model spectrum data was increased by an atmospheric absorption 
number (which increases with frequency) before frequencies were shifted for 
scaling. After shifting, atmospheric absorption numbers for the shifted 
frequencies were subtracted to account for the fact that the shifted 
frequencies showed less absorption. 

Table V shows the scaling technique applied to a typical scale 
model spectra. 

C. Narrow Band Data 

Narrow Band frequency analysis was performed by means of a Federal 
' Scientific Ubiquitous Spectrum Analyzer, Model UA-6A, in conjunction with an 
Option 12913 High Resolution Digital Averager. The analyzer was capable of 
Fourier-analyzing all frequencies, within a selected frequency range, in real 
time. This analysis could be performed on continuous and intermittent signals 
as well as one time transients. 
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TABLE IV 
QE 3 P FAN B 
SCALE MODEL 


SCALING TECHNIQUE 


1/3 Octave 
Band Center 
Frequency 

(Hz) 

© 

Scale Model 
100' ( 30 . 5 m) 
Arc W/Std. 
Day Gorr. 

© 

Atmospheric 
Attenuation 
per 100' (30.5m] 

© 

1 (3) + (D 

© 

Shifted 

Spectra 

© 

@ + 6.3 dB 
Weight flow 
Adder= 6.3 dB 

© 

© - (D 

Full Scale Spectra 
100 ' (30.5m) Arc 
W/Std. Day Corr. 

50 

82.0 

0 

82.0 

/ 3 o 8 

90.1 


90.1 

63 

84.1 

0 

84.1 y 

^83.3 

89.6 


89.6 

8o 

83.2 

0 

83 . 2 X 

80.7 

87.3 


87.3 

100 

83.8 

0 

83.8' 

84.7 

91.0 


91.0 

125 

83.3 

0 

83.3 

89.3 

95.6 


95.6 

l60 

80.7 

0 

80.7 

91.9 

98.2 


98.2 

200 

84.7 

0 

84 o 7 

89.3 

95.6 


95.6 

250 

89.3 

0 

89.3 

86.2 

92.5 


92.5 

315 

91.9 

0 

91.9 

88.7 

95.0 


95.0 

400 

89o2 

cl 

89.3 

86.3 

92.6 


92.5 

500 

860I 

ol 

86.2 

87.7 

94.0 


93 o 9 

630 

8806 

.1 

88.7 

86.5 

92.8 


92.7 

800 

86.2 

.1 

86.3 

87.8 

94.1 


94.0 

1000 

87o6 

.1 

87.7 

86.5 

92.8 


92.7 

1250 

86.3 

.2 

86.5 

86.2 

92.5 


92.3 

1600 

87.6 

.2 

87.8 

91.7 

98.0 


97.8 

2000 

86o2 

.3 

86.5 

88.7 

95.0 


94.7 

2500 

85.8 

.4 

86.2 

89.8 

96.1 


95.7 

3150 

91.2 

.5 

91.7 

93.2 

99.5 


99.0 

4ooo 

88 oO 

.7 

88.7 

90.8 

97.1 


96.4 

5000 

83„9 

.8 

89.8 

89.1 

95.4 


94.5 

6300 

92 oO 

1.2 

93.2 

87.5 

93.8 


92.6 

8000 

89.1 

1.7 

90.8 

84.9 

91.2 


89.5 

10000 

12500 

16000 

20000 

86.6 

83.6 

79.0 

76.0 

114.7 PNdB 

2.5 

3.9 

5.9 

8.5 

89.1 
87.5 4 
84.9 X 

84 . 5 ^ 

84.5 

< 

90.8 


88.3 

121.7 PNdB 


24 



The Averager accumulated the short-term spectra (produced by the 
Ubiquitous Analyzer) and obtained the mean spectrum characteristics in real 


time. Successive spectra were summed digitally over a selected period of 
time and the resultant average was displayed via an X-Y plotter. Averaging 
resulted in signal-to-noise ratio enhancement and was useful for detecting 
spectrum components which are "buried" in noise. 

Narrow Band analysis performed for this report consisted of a 
frequency range of 20 to lOK Hz with a nominal filter band width of 20 Hz. 
The integration time used was 12.8 seconds, with 256 scans during this time 
period. 
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VII . ACOUSTIC DATA ANALYSIS 

A. NOISE VARIATIONS WITH SPEED 

Figures 9 - 13 show the noise characteristics at several speeds for the 
untreated configuration of scale model Fan B with the nominal nozzle. The 
data presented were recorded around a 100 foot ( 30.5 m) arc and have been 
corrected to Standard Day conditions of 59°F (15°C) temperature and 70% 
relative humidity. 

Figures 9 and 10 show the distribution of the fundamental and second 
harmonic respectfully around the arc at approach and takeoff thrust. The 
SPL's of the tones were derived from narrowband data and then corrected to 
Standard Day. The sound power levels were calculated from these arc SPL 
values. The fundamental at approach was 10.7 dB PWL lower than at takeoff 
and the second harmonic was 8.5 dB PWL lower at approach than at takeoff thrust. 
The maximum fundamental tones occurred in the front quadrant for both takeoff 
and approach thrusts while the maximum second harmonic occurred in the rear 
quadrant for both power settings. 

Figures 11 and 12 present the 1/3 octave spectrum at 50 and 120 
respectfully, for 6o%, 70%, 8o% and 90% corrected fan speeds. (The 1/3 octave 
scale model data is presented in the Appendix for all angles). Although the 
blade passing frequency occurred in different 1/3 octave bands for different 
fan speeds, it can be seen that the fundamental increased with increasing 
speed at both angles. Further, the noise level below l600 Hz generally 
increased with speed. 
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The second harmonics likewise increased with increasing speed with the 

exception of the one at 50 ° for 90 %N^ which was lower than the second 

c 

harmonics for this angle at 70 % and 80 9^^ . Note that the difference 

c 

between 6o% and 70 % speeds was markedly greater than between any other 
pair of adjacent speeds. 

Figure 13 contains sound power level spectra versus frequency for the 

four speeds. Again, it can be seen that the levels of the tones and the 

broadband noise increased with increasing speed. Note the 60 %N^ PWly was 

c 

quite a bit lower than the 70 %N^ PWL while the 70%, 8o% and 90% PWL's 

c 

were rather closely grouped - approximately 7 dB difference between the 
60% and 70% fundamental while only 2J4 dB between the 70% and 90% fundamental. 
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%N/ VIS’ 

QD58.8 , 58.8 

Figure 13 D^71.9 , 71.4 

M 77.9 , 78.4 
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B. NOISE VARIATIONS WITH FAN NOZZLE AREA 


Figures l4 - 23 present the noise characteristics of the untreated scale 

model configuration at approach and takeoff thrusts with three different fan 

* / / ^ \ 

nozzles. These nozzles were designated small, 372 square inches' (.24 ra ); 

2 2 

nominal, 396 sq. inches (.26 m ); and large, 460 sq. inches (.30 m ). The 
data presented in these figures are for a 100 foot (30.5 m) arc. 

The distribution around the arc of the fundamental and the second harmonic 
of the fan with three nozzles is shown in Figures l4 and 15 for approach thrust 
and in Figures l6 and 17 for takeoff thrust. The sound pressure levels of the 
tones were derived from narrowband data and these levels have been corrected 
to Standard Day conditions. In each of the four cases, the tone level of the 
large nozzle was the highest while that of the small nozzle was the lowest. 

The sovind power level of the fundamental at approach differed by 2.1 dB PWL 
between the large and nominal nozzles and by 2.1 dB PWL between the nominal 
and small nozzles, respectively. The PWL of the second harmonic at approach 
was very similar for the large and nominal nozzles, while the small nozzle 
was 2.2 dB PWL lower than the nominal nozzle. However, at takeoff thrust, 
the PWL of the tones for the nominal and small nozzle were both similar 
amounts lower than the large nozzle. The maximum tones for each of the 
four cases occurred in the rear quadrant, although the rear to front quadrant 
difference is slight for the fundamental at approach. 


33 



The 1/3 octave spectra for approach thrust at 50° and 120° (Figures I 8 
and 19 ) likewise indicate that the tone levels of the small nozzle were less 
than those of the other nozzles. However, these figures also indicate that 
the broadband noise of the small nozzle was substantially higher than the 
broadband noise of the other nozzles from 315 Hz to 10 KHz at 50° and from 
315 Hz to 2000 Hz at 120°. The broadband noise was generally higher for 
the small nozzle at takeoff thrust from 315 Hz to 10 KHz as well, as indicated 
by Figure 20 for 50° and by Figure 21 for 120°. 

Figure 22 contains sound power levels versus frequency for the three 
nozzles at approach thrust. Again, the broadband noise for the small nozzle 
is shown to be significantly higher than the other two nozzles from 315 Hz 
to 4000 Hz. Figure 23 contains the PWL spectra at takeoff thrust for the 
three nozzles. The broadband noise was also higher at this thrust level for 
the small nozzle than for the other nozzles, although the difference was not 
as great as that at approach thrust. 
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C. ACOUSTIC TREATMENT EFFECTS 


Comparisons of the untreated and the treated configurations of the scale 
model fan with the nominal nozzle are presented in Figures 24 - 33* The 
acoustic treatment of the frame area is described in the Test Vehicle 
Description, Section IV. To produce the untreated configuration, this acoustic 
treatment, was neutralized by covering it with tape. 

Figures 24 - 27 show the distribution of the fundamental and second 
harmonic around the 100 foot (30.5 m) avc as derived from narrowband data 
which have been corrected to Standard Day conditions. At approach thrust, 
(Figures 24 and 25) , both tones have been significantly reduced due to the 
acoustic treatment - the fundamental by 4.5 dB PWL and the second harmonic 
by 5*2 dB PWL. The fundamental reduction was noticeable around most of the 
arc while the second harmonic reduction was most significant in the aft quadrant. 
At takeoff thrust, the tones also showed a noise decrease in the aft quadrant, 
however, the fundamental showed a noise increase in the front quadrant. Figure 
26 shows a split PWL, computed by segmenting the arc into front quadrant at 
angles less than 85 degrees and aft quadrant at angles greater than 85 degrees. 
The front fundamental noise increased by 3-8 dB PWL while the aft decreased I.9 
dB PWL. The total, accordingly, showed an increase with treatment. In the 
case of the second harmonic, (Figure 27), there was a sizable decrease of 5-8 dB 
PWL in the aft quadrant but effectively no change in the front. 

The one third octave data clearly indicates that not only have the tones 
been reduced at approach thrust but the broadband noise between the tones has 
been decreased as well by the acoustic treatment. 


45 


At 50° (Figure 28) , the greatest reduction occurred in the 2500 Hz and 3150 Hz 
bands. At 120° (Figure 29), the broadband noise was decreased 5 dB or more 
from 2 to 10 KHz. The 120° results for takeoff thrust indicate similar 
broadband noise reductions for the treated configuration as indicated in 
Figure 31. However, the 1/3 octave data at 50° (Figure 30) indi ates the 
broadband noise of the two configurations was generally the same across the 
spectrum except at l600 Hz where the treated data shows some increase. Upon 
examination of narrowband data, this increase appears to be attributable to 
multiple pure tones occurring with the treated configuration. The present 
hypothesis is that this noise increase is attributed to the increase turbulence 
generated by the presence of the treatment close to the rotor. 

Figure 32 contains the sound power level spectra for the two configurations 
at approach thrust , showing the noise reduction for the treated fan at the 
tones and for the broadband noise from 1.6 to 10 KHz. The PWL spectra for 
takeoff thrust (Figure 33) indicates less noise reduction of broadband noise 
and the second harmonic tone along with a 2 dB PWL increase at the fundamental 
tone . 
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D. SCALED-UP TO FULL SCALE RESULTS 


In order to obtain a picture of the full scale results, the scale model 
data was scaled up to full scale (see Section VI-B for details of the 
scaling procedure). Figures 34 - 39 present 200 foot (6l.O m) sideline 
perceived noise levels for both the treated and untreated configurations 
at approach and takeoff thrust levels for each of the three fan nozzle sizes 
tested. There was a definite noise reduction around the arc for all three 
nozzles at approach thrust due to the acoustic treatment, with noticeably 
greater reduction occurring in the rear quadrant. At takeoff thrust, the noise 
reduction was less in the aft quadrant for the three nozzles while no reduction 
occurred in the front quadrant for the large and small nozzle sizes. The 
treated fan with nominal nozzle resulted in a 3 dB increase in 200 foot (6l.O m) 
sideline PNL at 40°. 

In all cases, the fan noise was aft noise dominant with the aft peak being 
more pronounced for the untreated case at high speed. It is also observed 
that the fan frame acoustic treatment as it was designed was more effective in the 
rear quadrant . 

Figures 40 - 43 present the variation of maximum 200 foot (6l.O m) sideline 
PNL with corrected speed. The approach and takeoff points which have been 
examined in detail are shown. There has been a noise reduction over the entire 
speed range for each of the three nozzles. 

It is interesting to note the dip in the results from the unsuppressed fan 
with the nominal nozzle at about 85 % corrected speed. This, in part, may 
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account for the less than expected suppression results at takeoff thrust. 

The suppressed perceived noise level increased smoothly with increasing 
speed so that at 85% corrected speed, where the unsuppressed results 
decreased, the delta between the two configurations was reduced. Whereas 
with the large nozzle, the reduction due to the treatment was consistent 
over the entire speed line. Although a slight fall off was noticeable 
around 79% fan speed, it was not as severe as with the nominal nozzle. 

Likewise, the suppression varied smoothly with speed with the small nozzle, 
the amount of suppression gradually decreasing with increasing speed. 

Another data presentation which provides more insight into the thrust 
maximum PNL situation is an iso-noise map. Figure 43 presents this information 
for the untreated case. Lines of constant maximum PNL, fan speed, and fan 
thrust appear along with the three operating lines. The identification of a 
point along a constant thrust line which produces the least noise represents 
an improvement from an acoustics viewpoint. 

At both takeoff (100% thrust) and approach (39% thrust) points, the 
constant PNL lines are such that at operating points other than on the 
nominal operating line noise increases. 

At 80% thrust, the large nozzle produces the lowest noise. Traversing the 
line of constant thrust, it can be seen that the noise decreases from more 
than 117 PNdB with the small nozzle to less than 115 PNdB with the large nozzle. 
However, the important approach and takeoff thrust levels do not show this trend. 
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The iso-noise map, Figure 44, shows basically the same result as in the 
untreated case. At approach static thrust, the constant thrust, speed and 
PNL lines are for all practical purposes parallel. At takeoff thrust, 
movement off the nominal nozzle increases noise. Thus, nozzle variations do 
not provide a means of noise reduction at these critical points. 

Figure 45 shows the PNL for a level flyover of a single uninstalled fan 
at 370 feet (112.8 m) with a flight speed of 279 feet per second ( 85 .O m/sec), 
flight Mach number . 25 . 

The PNL directivity shows a maximum angle noise reduction of 4.3 PNdB. 

Also included in Figure 45 are the maximum PNL predictions made before testing 
began. The suppressed level is very close to that measured while the 
unsuppressed level differs by about 1.7 PNdB. The suppression effectiveness 
was less than expected being 4.3 PNdB as opposed to a predicted level of 
5.6 PNdB. 

Figure 46 presents the PNL for a 1000 foot (304.8 m) level flyover of a 
single uninstalled fan at Mach number 0.25- At this condition, a noise 
increase is noted in the front, but peak PNL has been reduced 3.8 PNdB. The 
unsuppressed prediction is very close to that measured. However, the power 
suppression resulted in a 3-5 PNdB difference in the suppressed maximum. 
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D 4] Untreated 

(large nozzle) 


1007o=3625 rpm 


Figure 41 
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200' Sideline PNL , PNdB 

max 


QEP FAN B 

FULL SCALE PBDJECTIONS FROM SCALE MODEL RESULTS 
200' SIDELINE MAX PNL 
TREATED VS UNTREATED 


STANDARD DAY 



yoN/fe 


— OO Treated 

O 0 Untreated 

(small nozzle) 


1007o=3625 rpm 


Figure 42 
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QEP FAN B FULL SCALE ISO-NOISE MAP 



Figure 43 












B FULL SCALE ISO-NOISE MAP 
TREATED BASELINE 
















QEP FAN B 

FULL SCALE PROJECTIONS FROM SCALE MODEL RESULTS 















VIII. CONCLUSIONS 


From these data, it can be concluded: 

1. On this fan exhaust nozzle area, changes did not reduce 
noise at takeoff and approach thrust levels; although 
the large nozzle (l 6 % oversized) did show the lowest 
noise in the mid-thrust range- 

2. Fan frame acoustic treatment was effective in reducing 
maximum sideline PNL. The suppression obtained was 
over a wide frequency range, 1-10 KHz. 

3« Pretest flyover noise predictions agreed quite well 
with test results for unsuppressed noise. 

Summarizing the results, projections of full scale Fan B with nominal 
nozzle indicate the following single fan, maximum Perceived Noise Levels (PNL) 
for a level flyover: 

FAN B LEVEL FLYOVER PROJECTIONS 
MAXIMUM PERCEIVED NOISE LEVELS 
SINGLE FAN 


Takeoff 

1000 ft (304.8 m) altitude 
M =.25 


Approach 98.6 PNdB 94.3 PNdB 

370 ft (112.8 m) altitude 
M =.25 

o 

The 200 foot ( 6 I.O m) sideline maximum PNL's for a single full stage 
Fan B were as follows: 


Untreated Treated 

98.4 PNdB 94.6 PNdB 
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Full Scale Fan B 

200 Foot ( 6 l.O M) Sideline, Maximum PNL 



Approach* 

Takeoff** 

Nominal nozzle , untreated 

104.4 PNdB 

116.6 PNdB 

Nominal nozzle, treated 

100.2 PNdB 

112.4 PNdB 

Large nozzle, untreated 

106.0 PNdB 

117.2 PNdB 

Large nozzle, treated 

100.8 PNdB 

113-6 PNdB 

Small nozzle, untreated 

106.8 PNdB 

117.5 PNdB 

Small nozzle, treated 

101.6 PNdB 

113.6 PNdB 


*6684 pounds (29,744 newtons) static thrust 
**17,140 pounds (76,277 newtons) static thrust 
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IX. APPENDIX 


Tables A1 - A24 contain the 1/3 octave scale model data used to prepare 
this report. The data presented is for the 100 foot (30.5 •") arc and has 
been corrected to Standard Day conditions. Tables A1 - A4 contain the data 
for the untreated configuration with nominal nozzle for speeds as close as 
possible to 6o, 70, 8o and 90% corrected fan speed. Tables A5 - A8 present 
the data for the treated configuration at these speeds. Tables A9 - Al6 
contain the same set of information for the fan with large nozzle and Tables 
A17 - A24 present the data for the small nozzle. 
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«^0J0>>'0'0<MO v-io-vow^o '«' «Hr^ *>«Oir«>«-ioc3c>i^ ^ o oo«o 

o - *o- — — — — • 

:cx 00 »HAi *-!»*• rHtOfoco or^^r^iAr^oLA ■«■ ^ oo o o roo mmcMorowio 

O 04- •a3<0O<0C0f*»<0<D0^ CDCOaSOOOOCO CO 03 ^ CD O O' CO 03 CD <z> O O *-4 

I a: ^ (\/ <r4 ^ «-t 

■ Cj- ^ 

ui w /n »o UN -o Aito f\jo^r>4'or>.-otr\^r^tor-»-«txvO’o-coc\iLr\ron‘^«r 

•*«UJCDO CSwHCDCDOr*^ CJIOCD •OfUlA ^Lf>r3^ fO ft> Of'-'O IT* 00 OJ 

CZl 1 ri • CO 03 CO 03 CDo-f^ ffiCOCO ICCT' c003COCDa3C0Q300a3C0O£OC3a3r^^ C3t> r*« 

W W ri w-i 

• 7Z w 

o -< >-‘CA *-iotmf\^r«^'4>>o»0'^«o 00 •o^^^^fv*»Oforooo«o *-« o ro '»■ o fo 

o *tf\ - 

cc • orvo oO'<KOtA(Z>(o^iAou>vror«iK> 04 «Hcr 3 ' 0 'Oct>iAv <vr»-roo<c w 

o. ck *rv r>^r^r^t^4oa>co^a>ct>co«>a>osc»o»oDci^coct> ioc«yr^rv.n^ 9> ■-« 

>■ -r-* 

■< w 

o ^ m rs. CO o Wf-tcMo <0 cnji/\^ oooocn* wino«^c9o«4ro»o't> k> ro rr> 

• fS. » •»>* »■*.•».••• »• » » 

o oiA 03Of*«.f^^»»'^s.^«irK>cDfN4r\j«-< ow oOk o o 

oc O' •p^fs.rs.f^vf^fN.ts.ao co eofvtocococD® cx>^^c3a>a>cca>(x>rv^«.r>..o o r.- 

•< «H -.<1 

O w> 

z ^o»c>i^-»io«o*i/xrv»«..ur»'0 o>of*-r>*-4i>c»<or^4t>'«‘^»^r3 

•< •€> . . »• - • ^ . . .. •••».•.»•••... . 
»— o «-« <x> o «4oo» o oo*h O * 0 f\jj>* 0 '*-<r*s.K>c>*r*^‘J^ » 

CO <0 •^0'r».iK.fWi^r^«s.cDaDcDrvflocoaor>ocur*>><Dflc>a)crcD«ocor<-f^'000 w 

or w 

o «H^c»'«>4rocMo-v *r04u^ ro o oro^rv o 10 k> oj iv 04 c=» ca -.>4 

U. -OJ — «... « •. > 

o CM >0 o O' fsi m om otv«-«c3>^(v«-«rMf»>ro*o*-«'0-otx>urv^ o«o rvj o r- <\j 
Ofv •o<j'ors.r^r'^r's.ajtoco®a3tOcoa3cococooco<ccoajcDCDr*»r-oo «h 
UJ ^ ^ 

•— » 

— r«» csfOfOo«c>«<\»ov». owtn -4 crv r- r- ors<«»»f%'«'r-ir\if'. r>«x>iArs.r4 cs 

UJ MO « • 

(o ooj> "O (AtAroroco o c>o> 03 OO" ocvrvirN*o^in'Orocs» 0 ’» or-^^ 
UJ o -r^ r-®o> c»<oo eo cc <x>cd o^-r'* r^- o» o» w 

ec -4 w 

a. w 

•'-CO ^'OWf*»^«rrocviA®'0 ^co o»o^«*>fOa>rMu>K3^ ro«>*ror--CMirv 
CO -r^ - — .... ^ ^ » 

— J 00 mcDV" 'omcMfooo wor". r-oo-cor'j otorotn^o^CNJo^ o so r^. c^j 

UJ ir\ — f">r"^rN.rs.rvrvr's.a3r'k.r".r%.r^f-rvcDcoK>0'iDix>(ocoiX3f'-fv.r'..o«0' — 

>0 ^ 

UJ — - 

—I *-^CM^movr»f^r"-'0{»Ov4r>^'V'0(X30cr>-*rr^''00 o v-nn cv co r- -o cx ia 

UJ or- ^ i A ?o fO XJ o* w-o o oor->0"0"-o**« oa^ao "O a ro oo^r^o x>»o 
CEi^ •r-r-f*-r-r-r>f— r— 03 coa3rs.Os.r-4D07ci3K>oa3coao<x>cocor-r-oo «-t 
=3 0 wH 

CO — • 

CO — .fo cjwco ro^rorsjo CNJor-roco '4-o.o-*4>ocor-a3uo ^ irtirvxjo'^tf'v 

UJ -A( - . .... - - ►. • 

CECDlO'OAfO^irXCMfO'OO OWrs.O<DOv4'r4rOT4V^'OCMrXCO'^ OCO 43 "-4 

q~kj — r— r— r- r— r— ■ r— r- r— r— co o r— r— r— r— co ajoDO'cnrocoroor- f-- r— o* 

c* ^ 

C3 w 

z '^CMCvi«Hro^'OCMwtrt<x>co'OomO"« A'O T-cro-^eom «4o 

=> -in - - - ..... - .. 

o oroco'o "H fO CM CM ^ tn cococrv'O'OiAor-'O'^r'-tocoM'CMoiA /mcm^ia 
CO CM -r-. r-r- r-.r—r--r-r— r-. r—r— r-r-r-r-r- r-.r--cor-- r- r— r- r— <» o 000 ca 

_J — 

UJ OPOOOIAOOOIA 000 0000 OOOOOOCOOOOOQQCQ 

<0 •ir>«€OocMOotn«>toofo oomoototAooooooooujuica 

U.O C5 »-i »4»-ic\jcviio M-in-o CO ocMo oirtv-iooroc:>omoocj::ft— ;£ 

3T UJ «4W«^rMCMro'9‘(A<»coocM'Oor>'<a- 

►" OZ ^ -r< ^ CM </) -J 

UIU.Z ^ ^ ^=3 

•< CD fO O" U U O UJ O 

=3 U. M- tn — ^ — cu UJ UJ H _4 

o • Z CMW<^U.^U. 3 £K 3 rO(/)COCnM> «< 

►— --^JA •< W .CM X X ■>*. Nk, *VCV _1 U 

■< u. X -U- O -V> XOC3C3 C3 w xnxaxQ _J 

CO CO 'S.UJUlUiUJXC3Q_-<Q-«ta--C ■< _J 

•< -••• VOL xzoQQ QO^ Qicrcrcrcr oc o: _j 

Z ca o O' c/j jxi «C 

O fO O W •* O — - - — - - CM cu — — - — -- -UJ > cc 

w »— V ■« »>ot>«o- fooM>'0 cor-^- crjco *«rc3 Oiu 

— -UI Q.O>«-« O' or- 0 •<? O -<M M- -r4r- WCO CO >• 

_J _J t3 CMOS CM c\JCM»-4CDr-.r-r*-M-r-_j o 

“< <J — rv — -'--4 0 <0 <3 r- m 

f&* »• •-• U. UJ tu »- 0 > ►“ - JK* •.^ 

C3 O X Z O P- ZQ. tr — X UJ O — • ■«« 3c: Q — 

•< 4C LU o O ^ =>«« •«<« a««U.kiuU.O 

a. q: >-u_jaa:»-oD ►- »- x z z z z 


91 


TABLE A16 



QEP SCALE MODEL FAN B 


M ut> tfk -o ■ in 'O :vo>- o<r>«o -oo «-« (M o* 


*E o <M C3 o o CO «*»rf\jn*o^o»t>^ ofotn ^ fO ■ rvi oi> ■«■ t 

X' t\fCMewtMca«-*v 4 :M(^icjCMMfMMcv«oi* 9 K)<r»fO-* 0 ’r)''-*'F>>cgrMr <4 'Vi 

«4- ^ »-l *4 -w4 *4 W W»^'»4 w4 ■«r4 «4 w4 w~t ^ W-v4'«-4 W »4 »-l ^4 
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cn 
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r^« r«%^«- a>«e^*trofcOM<o' «nv5»*ook*f'*rv-K>Qt>t cM-or^o-' 

«-Qr*or^"4>'«Ottf\mo><0'.'>i-n'n tn^o oc» eo!is.-(^*-tjsoi{>-^c»ia>r«.-*9-i <-ia r^- f«4v^ 

•• <} -o -<0 00 . o 

0‘0*r-i«>i- »-C 

*►5 S' — '- 

< r>^«-/v* S‘Wrw'f>^>oOk< 4>> rsk*T< «oifs»ot o»r>'«»*o»« o 

w m-r>J - — — —— ——— — — — ——— — 

— i>c» IV wOk« c^«•o£>^«r>^‘V&> >*»*a>ii.':>rsi ,s>i on r4 cO' "^.-v i r4r^- v rv ^■».• 

T “-f> •»*fv#^f»- 4 >rvfs.^^is»#s.-f«^rs. 4 *..f«^«>a>r>'» 0000 to to f»^N.t*y</00 or 

H'-u**-! r>J *4 

ui 

V tc« ■'^>* 0 kir*.' 0 «o» 0 ‘v »vrr'<'*o«o® j iv-<\“T4a> tuip^« •Ofr^^csi-ota^^ n*ni vf''>*oi> • joi 

» 4 W -V — 

UIO V»Cy OIC^»V- -3»»04 A*>« »»A* =»■ =><»4> H-MV-lM'-OCfc* V lO fO I r4 O I OO i O 

>- Q V* oo> a>a>tcii>:»c£> o> oai.oD r«-r^‘<0'X>^ w* 

« tH 

a sr '-'• 

>«: m'0fA«04M-<-«ii«4*«-i*T4«A»^« v» r««c3'v-^^t«-4oi ■«>»• r4«r>o( ns or*^'r>s.< moi VI 

K-4 =>4M-r»>«-4<«-to«-:»^aoi ov\»« vm* x>iAi oit>K.«ri mcoi vi rxoio t o 

tij «o »fs. o>fX)a)o<rirtrv^'f»k.(ykO^ «-i 

X ‘ J ^ x*M t-4 

‘ 

^ O'O- o»4-r». ca*cj o v ’in 'v-i o w mfv * ov I V co) o40’ 

O — > — — «. — — — — — — 

:c z: C3 C3 0-«^4v40 <*w<V t O SiF4'fOrV*OI«-«: *40l^(X>l Oil\ V>K 

O N --f^ Nrvrs.tv v> o -e >iD ‘<D ac»>a)> a> >4>iOOk ' o 

k zc. t-tf «>r 

I ^ 

^1 Vl4>IA!0*OI«4'«>f N OV>«.‘v40 I 

V-</ 5 <*-N — — — — — — ^ — — — — — —— — 

4 ai{o->Ok<o<(K«oror^'a>< o(M-*-t«^nr4co;rin<t^* v fx-<n* 

— o:oi 4 >r> 4 -' A^Ol 4 >.•^ 4 >v•^k.«>k.««w>•s. 4 x>t^w<t>rz> :t) I Ars>>i>iziiD rv'>v>o:Oi>o>>> :> 

' « 4 - 

—2 w 

— 4VI«Z400(l»lA«>|.0(i\‘>«?.t>Vt«>wO«><Ors.W*r4> N-«^0I<V*N-0«0l 

o: ^r\— 

X4 k .->•-« A' r<4^‘ V t«^>OI rxk ^ I A LX> lr-« cX> I v4VI r>»tOt>01M*^*V (<-*4-*«n* 

H. ' o — o O(f».' 0 'o^' 0 • rv f*«w ♦s.- ^ ♦s. t«». 4 s. VI • x> 03 < ou k.«^*n.-^*oioi>c>4> o* 
>-;•-< t 4 wt 

< w 

Ci* 4-k'OC»*«f*4NOI *>•«! »40**>V» X>*s.*»»k.* rV-tVtVfM ffVV'Of^ o 

— — — — — — 

a«o «>o»<Oieoix>ir*^«or3k. ;oo*r»4k>oi4>if».*v4 01 9i«4»< x>r^*«n - «>«^•>^*-vl i 

< *4- 

O 

2: r< OvrVK.*^%'VI>«>« »*»040f*5- •><C«k-V»OWIVlrO1N-a0l Mn-' t\- V r.M-Ifi-®- lO«»l 

-c — -c*-— — — — — — — — — — — — — — — 

►-I o V roi»' jo#v4>«\’^»j0i«O f'<o»»>‘4n-oioirv'*-* 01 o»o«>ix>iV»viok.*v i N 
tn *0 •'O o <04> «<)< «r>^ rvrvks. r>,.^ts.«vcu r>. rN.a> kk o.<} 0 >a>' o 

«-f' 

X« 

3' ^ OKM v>!«<»-9>a>oi>« 90k>^>r%' v«nx>> i*>a>i4\' 4>i«-v- vivtr»>«(«i«>i«i>. oivi «>• 

3«>A'OI>><*«ik«v< A'Ot VtOt>«* .-<«HI<Ol'»..vs,k<n'Or>-4<Oi OJ V- 3I^4XU CI1 OlA'tii 
0»«k' — to 1 0*0 ■ <MOI4>* or<»‘ IS. roi..' K. - V *vr»«.<fs. •<« ‘> o Tt 

UI' «-l w 

k-« -»• 

2 '^fvtoj vov:cvo-^o-^ vofc- ocm v m -^v-rsofs. .n^^^’■o■ 

li j ..n ~ ^ — . _ — — — — «. 

!/>i O*O'0irs*xirs'0rs-C>4*n'^4 - rv^'VIr*. V>fts^C4 fs.. OV • «-l<OC3<Ol Z\'0J-X>' '0%4«4>- 

lu o — o o o 0 0 o o or*, rsfsrs rs ^ -r>» -r*- eo rs o> co o> o>io r» -o :0 P* ca 

or. «H «-* 

ft. '«■' 

r*k«o«»«\<^ ot fx 01*0 <0 o rv «> oca vvk •«> o fr> ri« io«o 

n>< — — — — —— — — —— — — — — — — — —— — - - — - — — — 

_rr>"o M><'A'nk«v«'Yv^4D:4>o< *'»rsi <0’«n o*Mt»k* rw»- <«"0'0*v rw>- 
VW — O ' <» tS ' o Ols f*kt«k 4V fs ^<C^V>«0‘|s - o »'■>«>«»• cs rs 4S.<0»0— O 

s*“ 'J ' w* 

7K :u^ 

^ _r o«\ vi><z>! tv— o«>«ivo o- w t>j -o!0'orw-*^»04«0'ruks-^ 

U.I — o — - ——.-——— — — — - — — — — —— —. 

ujor«. m o-^4 rvcvcM v»^vfOirv 000 »-iv o- «-io 10 cv*o *-i«> trv cm */>»o ts. 

UJ a: V — -o o<o^»^'0'Coorsr>.t^.^(D«>n(D€ors.'BocDa3v^c>co^»tsrN.o^(K o 

c,- ^ 

■< V) . 

os/) — “^-^•cDe>-0‘«\m cNiO‘'r^<VfO o>K>'ovr>^ vo^' oia»-»^*o ts r«* 

t/j UJ- — <M — — — —— —— — — — —— — — 

3r<orvToioi«\'Vic\'<o(v:oa>« cwtvioir>-'rs.t>>vtoi ookor cv4oca*ors.>.fv^ tocv-xt 
fVi a. r> — ^ 'Ovioo'oooor^.rsfs.to.ts.rskk.p.ir^ rs.v/fOGDa»(orsrv.»>..oo4 c 
>..0 —I 

v4 Q w 

n 10 >v I CMW-cu ’O'ts.' ok»- —cm CO' o ‘ o <M V K> ' fO rr» if\ o ■•■<' ro o 40; rvj oofs. 

o; =»»o«N - .-^*3>cv-x>*oivf •>cr4*N'^«'Ot orv I v»AMio« NO I VI 3rs»v rr>-x)r^*^* 

111 iO'CV — «s ks- < 0 ts-<i>oi' 0 ' ors cvcs.ts-rwrs.-r^-r'..rv.vs'is.cN. rs'Cs.kwcs o o >o ix ) go o 
z: o 

— ,:_r w. 

3IUi 30»no«G>»SXI' ^0*r>-*30»=»«00»0* OO- r»*00* 3 *3 '0«0 OO ITJ • 

z.o> — 'n-OMstO'moio'tfi «-i oo nvoo-o- tfvo'o-oo'O-O'O'oaikUio 

3. w««4srAca W^-o: n>«'S>’CM-oo<r\’ t40* o-p>r:>* 

3lI U; «-f v-l «4CM CM K> V U% <00) 0(M00r>4(&. 

*— < «x- 'v«'«-*T4'mu« 

UJ' Wt Z - — ^ — k < 3t 

<0B' OI L>t Ot Ul UlOl 

3 U-i O — . ^ — oi uj UJ X _J' 

O — Z »-« «-«<•- 1 ic wr>c K>«’ Ui CO too* •< 

k-i«-kinvc «• .4 CM acx:.. -n. >■». 's.cv .jo- 

-< U'Z -I*.' o- CO nc3-ot3o v.v.z:oza no — i.. 

CO I ks- — O "VOI UJ 'Jl UJ - X O Q- 4 OL*<C C -J' 

< •• • 'X.*-- I zo o o C3 0‘^ tree ne ar CEtr ce - i 

ZC90«4CE 01 UJ <t 

OI*>' esev- O — — — — — 0'4>1— — — — — .Ull >fC' 

*-*' X 'X — — -ovrOi rv'vi'O cuorK' r^oj aoivo* o oji 

^■jji xao.tf\- 3> orsOk- >00' — loco o* *-i<oi-jO>a>*< 

'«<• _J —to Oi CM f\J tVlOfriVVVrVPs. O 

■V fs* — — r4'OVI VI rs* »• 

UJ •— •‘•u.ica* UJ om *- , — ■ 

0» 31 r«Z 0»«-4Z JSI o»— ^ X.' 3» -• 

«c '4 UJ O O -V 3-< V •< 3 -« u. U. U. O 

X* X* ^oi-tiacxv-iai- »— • i-i x« z: z; z: z: 
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TABLE A17 



SCALE MODEL FAN B 


tv 0 *rv CA ^ V « 0 ! *-*ciw ocao ^ cv^o*' oo' v» 'O* 


X <i to Oicn^ cv'0*«>rviT-i*x> r^fov^-o rv-norvo- <rio <r< r«. o 

ol' cuA/-cacvscu ^4 (\i o*^ 9 * 0 'Cm*o-»> !r*jo«»o vi 

•-f ^rf »4 W ^-4 «-t «>• W W «-f W W W*w*t ' W 
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W 

H 

< 
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O 


Cl ' ^ v-rtV'«itf\'Oir<» •V'ttfwktw wv) tfx-cxv-*^ »o(r\*«>'r*i r><\* *-**^ •«<»»**.• v»e»»^*vi 

< — O- — — ^ — 

AX C>#^- A^/\•f->•W^^•A' W »0>w>iW^- t« CM ^'CV v'V CM ^ • K>A V- ^ »0 ■ fV»- Air*- C*or>i AO> 

•> A — <r> cO'iD (T>r^r>- k> coo-go rv «> ao a>«oo> <x>cD«>a><Da> aj A o o 

»-e 

w. 

■< — **0<»i£>tArOlA-‘VAI r4lDi I «*■»♦*> AIM lVI->CK*V-r«w* Ti 

W. —CM — — — 

— r.» Al rv V-I'AI Al «-« VM>UO* O «r fA • V .TO f-T I v lA • V rv A <>“ Al WsA*t»-* W 

iX tn A ^<K> 3D CD QC< (D ncDOOnOAOlXlTl CCD BOHIOaO tcx^fx-f^ »N. Ov Ok *-l 

X ■ li I CM iH 

UJ ’k-- 

vxt *o«oir'«.^irk-..oiAt no«r>i ■oot ^-#AlW■r^ -ooi c»*r>^<o;r>.'rMV»' 0 «tM 

«- 4 :: 3 ■ — M- — — 

Jil'_1«r IJkiOJ^ki OAlArjkl .OUW"! TKA:M-rOW%Al AVk>-< :;><*Mkr4A<rk.<A* «-i«>i M-ik-«o**->- 

>- ^ V I «-r>. fv-hk.-^ rvrvrvcD.DtODDmD'DD crao«oAo C 2 i x> t>- - or> «-« 

3 5? ^• 

301 vr*wi>i M-Dirs.k'oiA* :vo»*».-o»Moi w«oocv->< 

> — Tk.. — — — —— —— — —— — — — — —— — —— — — — — — —— — — — — 

*-l OfM^'k♦k.«f»,k«50l30r^«k•.'^<AO^I WOlA'DirN.rv D •'Ol "OiWAi <M* 3 *0 1 A'CM O^i TO fV-A ‘ 
JJ fo — Tk Ikw-tSk-rkktD Tv r^ajODIC* odd DOt>OAO>OkDO<DTv.C»C*«-l 

X CM rtr^ ri 

»- — 

X2T — ■ «0-fSk-0<C>O'«-(t^< O vMCMO < r^' 0<M •0<0<M lOO- «-IO40*i\-0k- A O CM tfv fs..'0'O ' 

c* —A. — — — —— —— — —— — — — — —— — —— — — — — — — — — — — — 

3T s: ooiAiA oirv\ATO»c w-reo»A<ATA'r«.'<niO' oA‘»*\»-#fM oTO.Ts..(o««-*oifM-<'Vf 
O tM — Tk. xijfkk rs. ts. -go 3000- Tv DDtO 1*5 A« A ‘O'DA A. ao >® ® •» * Tv - O O • W 

I Id *-«<M *-l 

JJ . o— ••flOl uocot o«*o<OA* fM<M *-t VBO o* OAi •-t»or»‘-v I •~9^‘ »-tA« o:r. <»-rM 

»~ en —CM— » — — — — — —— — — —— —— — — — — — 

< jjir:>A.Ax\-rv«nv i.'M-Ts.'<><r>r«HX>i'0<'om'r > tw o< ^ifk.«oi>.< O' n- "ors-* v ioa.» rv 
3‘_i: r^« — '•v «kk.<fk...>krk.«s..-^>Nk>Dr*>iTk>iC;S:D:C>CHdDiOIOlAlOl DDiDlfs.v!Sk« OA I «-f 
' W< —I 

— z — 

'.>!< 0tf-40 Al Ai 0«M0tA'«>T9^ IOIV<fSk*r<fT«-*Wi -O ^ • fV*3<VA«*-»« .M 

n — A-«~ — — — — — — — — — — — — — — — — — — — — — — 

X I » ;3T*««ri->» AAkiOia'VOf -.Vv-Oi-O iM-I n'AAr>rs.-A«V»M*>«A*v>D|T-kT-l 

a.' O ■ — Mk-kfs. ♦vfvTk.ooaot T«k*0 |*J •*>»*) Bp flO f®'** 0«0 TOr m •» A. ♦». O. O • 

>- ' »-♦ r-C —4 

< — 

3* A'*J' Vrsk* AVlvV 3Ai A- Olr<- VOkitJiJM TX •-«• •0^1 O^J>*0» 

— ^Vk ^ — I— ms «« W ^ ^ ^ — «• — » — «k — — » 

3' 3 A‘Vrv*|AOk>A«-W'IO>OI 0^>A-0<WA«<M r»« V tV c V >A*C tV I TO<M ® ; « I 
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X. NOMENCLATURE 


A 

B&K 

D.I. 


F 

n 

M 

o 

N/fQ* 

Nom. 

OAP\tfL 

OASPL 


O.B. 

O.G.V. 

P /P 
T23' T2 

PNL 

PWL 

QEP 

RMS 

SL 

SLS 

SPL 

V , 
plane 


Nozzle Area 

B&K Instruments, Inc. - Bruel & Kjaer Precision Instruments 

Directivity Index, the sound pressure level at a particular 
position and frequency minus the spaced average sound pressure 
level at that frequency. 

Fan blade passing frequency fundamental 
Fan blade passing frequency second harmonic 
Net engine thrust 
Aircraft Mach Number 

Fan rotational speed, corrected to standard day 
Nominal 

Overall sound power level calculated by summation of power level 
spectra from 50 Hz to 20K Hz. 

Overall sound pressure level calculated by summation of sound 
pressure levels at each 1/3 octave from 50 Hz to 20K Hz. 

Octave band 

Outlet guide vane 

Ratio of fan bypass exit total pressure to fan inlet total pressure 

Preceived noise level; a calculated, annoyance weighted sound level 

-13 

Sound power level , Re 10 watts 
Quiet Engine Program 
Root mean square 
Sideline 

Sea level static 

. 2 

Sound pressure level. Re .0002 dynes/cm 
Aircraft velocity 


W, 


bypass ^ 
— 


Bypass air flow, corrected to standard day 


dB 

Decibel 

Hz 

Hertz (cycles per second) 

ips 

Inches per second 

PNdB 

Preceived noise decibel 
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XI. REPORT DISTRIBUTION LIST 
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